The production of Hasma generates plentiful non-edible by-products in China and Central Asia. As one of main by-products, the skin of Rana chensinensis is discarded as waste without utilization. In this work, R. chensinensis skin collagen (RCSC) hydrolysates were extracted using pepsin under acidic conditions. The yield of RCSC is 15.1% (w/w). Amino acid analysis revealed that RCSC contained glycine (204.5/1000 residues) and imino acids (182/1000 residues). RCSC exhibited high solubility in acidic pH (1-4) and low NaCl concentrations (< 2%, w/v). Differential scanning calorimetry indicated that the denaturation temperature of RCSC was 33.5 °C. Scanning electron microscopy analysis confirmed their well-defined fibril morphologies. The results indicated that the skin of R. chensinensis is an alternative source of collagen hydrolysates, and RCSC can serve as a potential source applying in foodstuff and medical industry.
Introduction
Collagen is a major structural fibrous protein that contributes in the connective tissue and also has many industrial applications (Kumar and Rani 2017) . Nowadays, the skins and bones of land-based animals (bovine and porcine) are the main sources of commercial collagen (Pal et al. 2015) . However, pessimism and concerns always persist among consumers due to bovine spongiform encephalopathy episode and religious sentiments, and inevitably restrict the application and trade of the collagen (Uriarte-Montoya et al. 2010) .
In fact, collagen also can be extracted from the skin of amphibian, such as frog. The collagen from Rana tigerina skin was successfully extracted and the unique physicochemical properties of frog skin were correlated with the habitat of amphibians (Purna Sai and Babu 2001) . Li et al. (2004) also extracted collagen from bullfrog skin and revealed the differences between frog skin collagen and other known vertebrate collagens. They further confirmed the structural relationship of collagen with habitats and functions. Zhang and Duan (2017) extracted and characterized acid-soluble collagen (ASC) and pepsin-solubilized collagen (PSC) from the skin of R. nigromaculata. The yield of PSC was higher than that of ASC. There already has report on the collagen extraction from fresh skin of R. chensinensis (Zhu and Shi 2013) , and the extraction conditions have been optimized based on orthogonal experiment.
The above R. chensinensis, which also named as Asiatic grass frog or Chinese brown frog, is a species of frog with body lengths of 58-64 mm for females and 52-64 mm for males (Zhao et al. 2011) . R. chensinensis has been applied in Chinese herbology to enhance immunity and to resist sickness due to the anti-inflammation, anti-fatigue and antioxidant properties (Yin et al. 2006) . Hasma (oviductus ranae) is a widely known unisex health product collected from the oviduct of R. chensinensis. In Northeast China, the artificial feeding quantity of R. chensinensis increases annually. According to an incomplete statistics, in 2013 more than eight hundred millions of R. chensinensis were harvested in Jilin province, one of provinces in northeast of China. However, high amounts of residues were unutilized after Hasma was extracted from R. chensinensis. As a consequence, the disposal or utilization of such large quantities by-products has become an urgent problem. Therefore, the aim of this investigation was to isolate and characterize the collagen hydrolysates from the skin of R.
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181 Page 2 of 8 chensinensis. The waste from Hasma production is used for the production of collagen hydrolysates, which can be used as a substitute of mammalian collagen in foods or biomedical fields.
Materials and methods

Stuff and reagents
R. chensinensis residues were offered by Fushun Le Gu Rana breeding Ltd (Fushun, Liaoning Province, China). The Premixed Protein Marker (High molecular weight) was obtained from Takara Bio Inc. (Beijing, China). Sodium dodecyl sulfate (SDS) was obtained from Beijing Dingguo Changsheng Biotechnology Co., Ltd. (Beijing, China). Pepsin (1200 U/ mg) was acquired from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). All chemicals used were of analytical grade.
Pretreatment of raw materials
The skin was collected from R. chensinensis residues and treated with Na 2 CO 3 to get rid of lipids, and then the treated skin was washed with ddH 2 O until pH reached 6.0. The defatted sample was dried in vacuum and then homogenized in a blender. The pretreated skin powder was used for further isolation.
Preparation of collagen hydrolysates
The pretreated sample was immersed in 0.5 M acetic acid containing 0.2% (w/v) pepsin at ratio of 1:60 (sample-tosolvent) for 36 h at 37.0 ± 0.2 °C. The suspension was centrifugalized (5000 r/min, 15 min) and the supernatant was collected. The collagen hydrolysates were completely deposited from the supernatant when 2.2 M of sodium chloride solution was added. The obtained deposition was separated through centrifugation (5000 r/min, 15 min). The deposit was immersed with 0.5 M acetic acid and dialyzed with Regenerated Cellulose Dialysis Membranes (cut off size 3.5 kD; Spectrum Laboratories Inc., Shanghai, China) by 0.1 M acetic acid. The pellet was further dialyzed by ddH 2 O. Then the product was freeze-dried and named as R. chensinensis skin collagen hydrolysates (RCSC). The yield of the collagen hydrolysates (Y col ) was calculated by the equation: Y col = C col /C ps × 100, where C col and C ps were the hydroxyproline content in collagen hydrolysates and pretreated skin, respectively. The hydroxyproline content was assayed according to ISO recommended methods (ISO 3496).
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
RCSC was analyzed by SDS-PAGE according to a previous report (Laemmli 1970) . The sample (10 μg) was loaded onto a polyacrylamide gel with 4% stacking and 8% resolving gel and subjected to electrophoresis analysis at a constant current of 20 mA. The gel was stained with Coomassie Brilliant Blue R-250 to locate the protein bands.
Amino acid component
The amino acid component was analyzed in accordance with a previously reported method (Zeng et al. 2012) . RCSC (30 mg) was melt with 6 M HCl. After evacuating and hydrolyzing at 105 °C for 1 day, the hydrolysate was assayed through an amino acid automatic analyzer (Hitachi 835-50, Shimadzu Seisakusho Co. Ltd., Kyoto, Japan).
Scanning electron microscopy (SEM)
Morphological characteristics of RCSC were observed by SEM (XL30 ESEM FEG; FEI Co., the Netherlands). The sample was fixed on a standard SEM sample holder. The sample holder was used to prepare 20-s glow discharged carbon support adhesive films and coated with gold ions using auto fine coater. The samples were then introduced into the specimen chamber and examined for surface morphology at a 20 kV accelerating voltage.
Differential scanning calorimetry (DSC)
RCSC was subjected to DSC in accordance with previously described methods (Rochdi et al. 2000) with slight modifications. The sample was rehydrated in 0.05 M acetic acid with 1:10 (w/v) and then kept for 1 day. DSC was carried out by applying a Q2000 Series DSC (TA Instruments, Inc., New Castle, DE, USA). RCSC was heated from 20 to 150 °C at 10 °C/min. The denaturation temperature (T d ) was calculated on the basis of the DSC curves.
Fourier transform infrared (FTIR) spectroscopy
FTIR spectra were obtained by KBr disc method, and the mix ratio of weight is about 1:25 (sample: KBr). The spectra were assayed by an infrared spectrophotometer (Spectrum GX, PerkinElmer, USA). Sixteen scans were collected from 4000 to 400 cm −1 at a resolution of 4 cm −1 .
Ultraviolet (UV) absorption spectrum
UV absorption spectrum of RCSC was measured using an ultraviolet spectrophotometer (Cary 5000, Agilent
Technologies, USA). RCSC (1 mg) was dissolved in 2 mL 0.5 M acetic acid. UV spectra were measured between 200 and 600 nm at a scan speed of 2 nm/s with an interval of 1 nm.
RCSC solubility test
RCSC was disbanded in 0.5 M acetic acid and agitated until it dissolved completely. 8 mL of RCSC solution was transferred into a tube. Adjust the pH of RCSC solution from 1 to 10 by adding 5 M NaOH or 5 M HCl. The volume of RCSC solution was also adjusted by adding ddH 2 O with the same pH to reach 10 mL. Then the solutions were centrifuged (10,000 r/min, 30 min). The concentration of protein in the supernatant was assayed in accordance with Lowry methods (Lowry et al. 1951) . Relative solubility of RCSC was computed by comparing to the supreme value. 5 mL of RCSC solution was blended with 0.5 M acetic acid containing NaCl with different concentrations (0-6%, w/v). The blend was agitated repeatedly and then centrifuged (10,000 r/min, 30 min). The concentration of protein in the supernatant was evaluated, and relative solubility was computed by comparing to the supreme value.
Zeta potentials
RCSC was dispersed in 0.5 M acetic acid (0.05%, w/v). The blend was agitated repeatedly until RCSC was totally dissolved. Zeta potential of RCSC was detected by adopting a zeta potential analyzer (Malvern Instruments Ltd., Malvern, UK). The pH of the blend was regulated to 2-9 by adding 1.0 M KOH or 1.0 M nitric acid.
Results and discussion
The yield of RCSC
In this work, the yield of RCSC was 15.1 ± 0.7% (dry weight basis). It is lower than that of PSC (19.59%) (Zhang and Duan 2017 ), but it is higher than that of pepsin-soluble collagen from bullfrog (12.6%) (Li et al. 2004 ). Differences in yields among various species are possibly attributed to the varying of cross-linking in collagen or collagen hydrolysates (Jongjareonrak et al. 2005a, b; Zhang et al. 2007) . The crosslinking of collagen is probably via the polycondensation of -CHO in the terminal peptide or inter-molecule; as a result, the solubility decreased under acidic conditions (Foegeding et al. 1996) . Pepsin is a most widely used enzyme in the extraction of collagen, and pepsin can be used either in combination with an acetic acid or alone after initial extracting of collagen within acetic acid (Pal and Suresh 2016) . When pepsin was further added, the cross-linked molecules in the terminal peptide region were disrupted. As a result, the collagen molecules were further extracted and the yields increased. Pepsin can specifically cleave the terminal peptide region (Pal and Suresh 2017b) . Thus, using pepsin under acidic conditions is a popular method in the extraction of collagen or collagen hydrolysates.
SDS-PAGE of RCSC
As shown in Fig. 1 , RCSC consisted of two chains (α1 and α2), their dimer (β chains), as well as small amounts of γ components. The molecular weights of α1-chains and α2-chains were 106 and 89 kDa, respectively. The density of α1 chain was higher than that of α2 chain, which was similar to the density distribution of the collagen from bullfrog skin (Li et al. 2004 ) and R. nigromaculata skin (Zhang and Duan 2017) . The molecular weight of collagen had some relations with the thermal stability (Pal and Suresh 2017b) . Duan et al. (2009) also pointed that the collagen with higher molecular weight had better thermal stability. Table 1 illustrates amino acid component denoted as the amount of residues per 1000 residues. Glycine was the most abundant amino acid in RCSC. The content of Glycine is 204.5 residues, and it accounts for about 20% of all amino acids in RCSC, which is lower than those in the collagen from R. tigerina skin (332.7 residues) (Purna Sai and Babu 2001) and bullfrog skin collagen (300 residues) (Li et al. 2004) . RCSC has cystine residues and it is higher than that of bullfrog skin collagen, while R. tigerina skin collagen has none. Both threonine and serine in RCSC are higher than those in bullfrog skin collagen and R. tigerina skin collagen. The imino acid in RCSC is 182 residues. It is lower than that in R. tigerina skin collagen (213.2 residues), but it is higher than that in bullfrog skin collagen (167 residues). The pyrrolidine rings of hydroxyproline and proline limit the architecture of polypeptide chains and reinforce the helix construction. The region of proline as well as hydroxyproline in collagen maintains the junction through hydrogen bond. Hydroxyproline could stabilize the structure by preventing rotation of N-C (Foegeding et al. 1996) .
Amino acid component of RCSC
Surface morphological characteristics of RCSC
The morphological characteristics of RCSC were examined through SEM. RCSC shows an irregular thick flaky membrane attached by randomly coiled fibers (Fig. 2) . Its exterior was creased probably because of dehydration in the process of lyophilization (Schuetz et al. 2013) . Because there have few SEM images of the collagen from frog, the SEM results were compared with those of some collagen from fish. Similar with the collagen from the cartilage of Amur sturgeon (Liang et al. 2014) or the acid-soluble collagens from skins of grass carp, silver carp, bighead carp and black carp (Liu et al. 2014) , the fibrils of RCSC collagen molecule in vitro also exhibited coarse surface with uniform diameter from 40 to 80 nm. Figure 3 reveals the DSC result of RCSC. The T d of RCSC was 33.5 °C, which is similar with that of collagen extracted from R. nigromaculata (31.5 °C). It may be due to the similar resource of the above two collagens, the frog skin. However, the T d of RCSC is lower than that of collagen of pig skin (37 °C) (Ikoma et al. 2003) and calf skin (40.8 °C) (Komsa-Penkova et al. 1999) . The difference of denaturation temperatures among collagen of various species is associated with distinct imino acid assay, animal temperature, as well as ambient temperatures (Kittiphattanabawon et al. 2005; Nagai et al. 2008) . 
Thermal behaviors
FTIR of RCSC
The FTIR spectrum of RCSC (Fig. 4) was similar with the collagen or collagen hydrolysates from fish or frog (Muyonga et al. 2004; Veeruraj et al. 2012; Zhang et al. 2007 ). The band of RCSC is found at 3401 cm −1 . The absorption peaks of amide A occur in the range of 3400-3440 cm −1
. When the NH group is involved with H in the peptide chain, the position of amide A shifts to low frequencies. Doyle et al. (1975) reported that the free υ N-H (3400-3440 cm −1 ) shifts to high wavenumber when N-H joining with H-bond. That means NH groups may bind to the C=O of the peptide chain to form a hydrogen bond. The position of amide B in RCSC is 2953 cm −1 corresponding to υ as CH 2 (Muyonga et al. 2004 ). The wavenumbers of the amide I, amide II and amide III bands are directly related to the configuration of collagen (Pal et al. 2015) . The peak of amide I is at 1589 cm −1 . Its characteristic frequency at 1600-1700 cm −1 is primary related to the υ C=O in the polypeptide skeleton (Payne and Veis 1988) . The peak of amide I is the symbol of the secondary structure of peptides (Surewicz and Mantsch 1988) . Bands of amide II and amide III of RCSC are 1398 and 1261 cm −1 . These bands stand for υ N=H coupled with υ C=N and υ C=H , separately (Payne and Veis 1988) . Figure 5 shows the UV spectra of RCSC at the wavelengths between 200 and 600 nm. Because triple helical collagen has maximum absorbance peak near 230 nm, UV scanning of collagen is one of the simplest way to analyze the collagen (Pal et al. 2015) . There is no obvious absorption peak for collagen or collagen hydrolysates in the ultraviolet region. RCSC has a maximum absorption peak near 226 nm and a minor absorption peak near 280 nm. The maximum absorbance at 220-240 nm may be associated Figure 6a illustrates the influence of pH on the solubility of RCSC. The solubility of RCSC reached the peak value at pH 3. The solubility of RCSC rose gradually from pH 1 to 3. By contrast, the solubility decreased at higher pH and the lowest solubility of RCSC appeared at pH 6. The decrease of solubility at certain pH could be due to the hydrophobic interactions, and the net charge reaches 0, especially at isoelectric point (pI) (Jongjareonrak et al. 2005a, b) . Kittiphattanabawon et al. (2005) recommended that the solubility was various at different pH values because the collagen conformations were not consistent.
UV absorption spectrum
The solubility of RCSC
The solubility of RCSC in different concentration of NaCl is shown in Fig. 6b . The solubility of RCSC did not change when the concentration of NaCl was in the range from 0 to 2%. By contrast, the solubility slightly decreased at 3% NaCl. The solubility of RCSC also drastically dropped when the concentration of NaCl was less than 4%. This reducing in the solubility can be attributed to salting out, which occurs at higher assay of NaCl (Asghar and Henrickson 1982) . Because of the rise of ionic strength, the hydrophobic-hydrophobic interaction among protein chains and the competition between ionic salts with H 2 O was enhanced; thereby the drop of solubility is induced. This conclusion agrees with Jongjareonrak et al. (2005a, b) . Figure 7 shows zeta potential of RCSC at various pH values. RCSC was positively charged at pH 2-5 but was negatively charged at pH 7-9. The net charge of RCSC was 0 at pH 5.73 ± 0.07. The pH was assumed to be its pI. The pI of RCSC was searched at acidic pH. This phenomenon may due to the big amount of acidic amino acids. Collagens from distinct fish skin have different pIs: 4.7 for striped catfish collagen (Singh et al. 2011), 6 .4 for ornate threadfin bream collagen (Singh et al. 2011) , and 6.2 for bamboo shark collagen (Kittiphattanabawon et al. 2010) . Slight distinction of pI is possibly led by minor variations of amino acid residue, specifically on surface regions.
Zeta potentials
Conclusion
In this work, RCSC was isolated from skin of R. chensinensis using pepsin under acidic conditions. The denaturation temperature of RCSC was similar with other frog collagens. RCSC also exhibited high solubility in acidic pH and low NaCl concentrations. Our results suggested that RCSC may act as a potential source for applications in foodstuff, nutraceutical, and cosmetic industry. The possible utilization of the by-products, the skin of R. chensinensis, from the production of Hasma is proposed as a viable and eco-friendly waste management approach. RCSC can be an alternative source of collagen or collagen hydrolysates from land-based animals.
